In the current study, we examined the association between polymorphisms in the O 6 -methylguanine-DNA methyltransferase gene (MGMT) and the risk for cervical carcinoma. We prospectively selected 1012 patients, including 539 with carcinoma and 473 with cervical intra-epithelial neoplasia and 800 healthy women from five hospitals in Zhejiang Province, China. Three single-nucleotide polymorphisms (Leu84Phe, Ile143Val and Lys178Arg) were genotyped, and their association with other epidemiological risk factors was examined. Compared with the MGMT Lys178Lys (AA) or Ile143Ile (AA) genotypes, women homozygous for the Arg178Arg (GG) or Val 143Val (GG) genotypes had a significantly increased risk for cervical carcinoma both in the overall carcinoma group and in the high-risk human papillomavirus-positive group. Compared with using Leu84Leu (CC), Phe84Phe (TT) and Leu84Phe (CT) which did not increase the risk for cervical carcinoma. In addition, using 84Leu (C)-143Ile (A)-178Lys (A) as reference, women carrying 84Phe (T)-143Val (G)-178Arg (G) had a 1.87-fold higher risk for cervical carcinoma (95% confidence interval 1. 07-3.27). Similar results were observed for squamous cell carcinomas. The effect of the combination of Arg178Arg (GG) and Lys178Arg (AG) genotypes and the 84Phe (T)-143Val (G)-178Arg (G) haplotype was more pronounced in women infected with high-risk human papillomavirus, an early onset of sexual activity, multiple sexual partners, an early age of the first full-term pregnancy and high parity. These findings suggest that polymorphism in MGMT increases the susceptibility of women to cervical carcinoma, especially in those with high-risk sexual and reproductive histories.
Introduction
Cervical carcinoma is closely linked to infection with types of highrisk human papillomavirus (HR-HPV) (1) . In $90% of cervical carcinomas, HR-HPV DNA is integrated into the host cell genome. E6 and E7 are the major proteins responsible for the transformation and immortalization of cervical epithelial cells by HR-HPV types 16 and 18 (2) . The transforming functions of E6 and E7 are thought to be due to their binding and inactivation of p53 and retinoblastoma tumor suppressor gene product, respectively (3) (4) (5) . The interaction of E6 and p53 results in rapid ubiquitin-dependent proteolytic degradation of p53, which prevents cells from undergoing p53-mediated apoptosis (6) . Although necessary, deregulation of E6 and E7 expression is not sufficient for the development of a malignant phenotype. Genomic instability resulting in specific genomic aberrations also participates in the development and progression of cervical carcinomas (7) , and E6 has been shown to increase mutagenesis and genomic instability (8, 9) .
Although HR-HPVs are known to be closely linked to the development of cervical cancer, they are also found in nearly 30% of asymptomatic controls (10) , indicating that HPV infection alone is not sufficient for the development of cervical cancer. Furthermore, it is clear that only a small minority of persistent HR-HPV infections progress to cervical carcinoma or its precursor lesion, high-grade cervical intra-epithelial neoplasia (CIN). Consequently, other factors, including environmental agents, such as hormonal exposure, smoking, alcohol, immunological status, sexual activity, number of sexual partners, parities and age at the first full-term pregnancy and the host genetic background, may play crucial roles in the development of cervical cancer (11) (12) (13) (14) (15) .
Current research is focused on identifying cofactors that influence the acquisition of HPV infection or the progression of HPV infection to cancer. Most of the sexual behavior parameters that are associated with cervical cancer have been identified in the past few decades, and the role of multiple sexual partners has been of particular interest. Having had multiple partners is linked with an increased probability of HPV exposure and acquisition and disruption of local immunoreactions in the cervix. It has also been hypothesized that the age at first coitus correlates with the number of sexual partners; hence, attempts have also been made to study their independent effects (16, 17) . For example, in younger women, the cervix may be more vulnerable to HPV infection because of inadequate production of cervical mucus, which acts as a protective barrier against laceration and infectious agents. As a result, younger women with sexual intercourse could be at higher risk for the development of cervical cancer (18) . An independent effect of early age at marriage and multiple sexual partners has been found in two studies (16, 17) . In this regard, the study of Brinton et al. (17) is of particular significance because it included five geographical areas.
The role of high parity has also been explored in the development of cervical cancer (11) . Some recent studies have suggested that high parity and young age at first full-term pregnancy are independent risk factors for the progression of HPV infection to neoplastic cervical lesions (11, 19) . Other cofactors that influence the progression from HPV infection to cancer are smoking, use of oral contraceptives and sexually transmitted diseases. Despite these findings, the relationships between these cofactors and the risk for cervical carcinoma remain uncertain. There is less information about the role of reproductive and sexual history, but the available evidence suggests that these variables do not have a substantial effect on the development of cervical cancer (20) . Only limited conclusions can be drawn from the previous studies of risk factors, however, because they do not consider the strong effect of the genetic background, which is of central importance in cervical carcinoma (21) .
Genome stability and integrity is maintained by DNA repair genes during mitosis. It is now thought that an individual's capacity to repair DNA is genetically determined and the result of combinations of multiple genes that may have different activities. Single-nucleotide polymorphisms (SNPs) can result in small structural alterations in the repair enzymes and therefore changes in the susceptibility to cancer. More than 130 human DNA repair genes have been described (22) , and a number of SNPs in these DNA repair genes have been identified (23) . Defects in DNA repair pathways are linked to many different types of diseases including cervical carcinoma.
The product of the DNA repair gene O 6 -methylguanine-DNAmethyltransferase gene (MGMT), also known as AGT or ATase, reverses O 6 alkylation damage in DNA by transferring the alkyl group to the enzyme, which inactivates it and targets it for ubiquitination and proteasome-mediated degradation. The MGMT protein has a wide range of activities in normal tissues, and its evolutionary conservation indicates that it plays a fundamental role in cell physiology and genome maintenance. This is the only protein known to be involved in the cellular defense against alkylating agents within the mammalian DNA direct reversal repair pathway (24) (25) (26) (27) (28) . In mice, the radiationinduced increase in MGMT activity is dependent on functional p53 (29) . This is different from the effect of p53 itself, whose overexpression directly suppresses transcription of the MGMT gene (30, 31) . Consequently, basal MGMT activity inversely correlates with expression of wild-type p53 in some tumors (32, 33) .
Methyltransferase activity between human fibroblast cultures from different individuals varies as much as 20-fold, suggesting that genetic polymorphisms in MGMT are risk factors for the development of cancer (34) (35) (36) . Several SNPs have been reported in MGMT (23, 37, 38) . One of these, Ile143Val (ATC / GTC), which is located at codon 143 (exon 5), is associated with susceptibility to lung cancer and colorectal cancer (39) (40) (41) . Amino acid 143 may be important because it is near the codon for the conserved alkyl group acceptor (42) . Another SNP in codon 178, Lys178Arg (AAG / AGG), has been shown to be in linkage disequilibrium with the SNP at codon 143 (43) . Furthermore, although some studies have indicated that a codon 84 variant (CTT / TTT) has similar activity and physicochemical properties as the wild-type protein (44) , recent studies show that heavy smoking significantly increases the risk of breast cancer in women with the codon 84 variant T allele and that there is an inverse association between the consumption of fruits and vegetables and the risk for breast cancer in women with the wild-type codon 84 (45) . The significance of these SNPs in cervical cancer and their distribution patterns in the Chinese population, however, have not been investigated.
Given that MGMT maintains genome stability, that its activity inversely correlates with the expression of wild-type p53, a key target of HR-HPV integration, and that variants of MGMT have differences in methyltransferase activity, we hypothesized that variations in MGMT contribute to the susceptibility to cervical carcinoma. To investigate this hypothesis, we carried out a large population-based, case-control study in which we determined the genotype of women for three variants of MGMT (Leu84Phe, Ile143Val and Lys178Arg) and then assessed the association of these polymorphisms with the risk for cervical carcinoma and their interaction with HR-HPV infection, sexual and reproductive risk factors.
Materials and methods

Study population
All subjects were from Zhejiang Province and were unrelated ethnic Chinese women. Patients at the Women's Hospital, School of Medicine at Zhejiang University (Hangzhou, China) and the Cancer Hospital of Zhejiang Province (Hangzhou, China) with histologically confirmed primary cervical carcinoma were recruited between June 2004 and May 2006. In the area outside of Hangzhou, a collaborative network of gynecological oncology teams in three areas (Lishui, Wenzhou and Shaoxing) of Zhejiang Province was established to identify new cases of cervical cancer at local hospitals. The diagnosis date and tumor histology was recorded for all women, and there were no age, stage, histology or prior therapy restrictions for inclusion in the study. Controls were randomly selected from healthy women seen for gynecologic examinations at the Women's Hospital, School of Medicine at Zhejiang University, during the period when women with cervical cancer and CIN were enrolled. Control selection criteria included no positive findings during the gynecological examination, no history of cancer, age matching to the patients and residence in Zhejiang Province. After providing signed informed consent, participants responded to a standard questionnaire about their sexual and reproductive history, including the number of sexual partners, the age at first intercourse, the age at first full-term pregnancy and parities (including full-term pregnancy and abortion at or after 28 weeks). A total of 1046 patients, including 561 with cervical carcinoma and 485 with CIN patients, were interviewed. Of these, 1012 eligible patients (539 with cervical carcinoma and 473 with CIN) and 800 eligible controls agreed to provide blood samples for genotyping and correctly completed the questionnaire. Of these, 675 patients (260 with cervical carcinoma and 415 with CIN) and 410 controls agreed to provide cervix brush-off samples for detection of HPV. The study was approved by the Medical Ethics Committees of all the participating hospitals. All women included in the study provided written, informed consent.
DNA extraction
White blood cells were separated from red blood cells by washing three times in phosphate-buffered saline. Next, the DNA was extracted with phenol/ chloroform and precipitated with cold ethanol. All DNA samples were dissolved in water and stored at À20°C.
Genotyping
The presence of three SNPs of MGMT was determined by modified polymerase chain reaction (PCR)-mismatch amplification as described by Glaab et al. (46) . For the Leu84Phe site in MGMT, the two forward primers were 5#-AGAGTTCCCCGTGCCGGCAC-3# and 5#-AGAGTTCCCCGTGCCGGCAT-3#, which differ in only the last base, and the reverse primer was 5#-GCTGTTGGCAAGCAGATAGT-3#. These primers produce a 396 bp fragment. For the Ile143Val site, the two forward primers were 5#-CTTCCAGGTCCCCATCCTGA-3# and 5#-CTTCCAGGTCCCCATCCTGG-3# and the reverse primer was 5#-GCTGTTGGCAAGCAGATAGT-3#, and they produce a 320 bp fragment. For the Lys178Arg site, the two forward primers were 5#-GAAGGCCACCGGTTGGGGTA-3# and 5#-GAAGGCCACCGGTT-GGGGTG-3# and the reverse primer was 5#-CAGGACACTGCCACTTCCTT-3#, and they produce a 214 bp fragment.
The PCR was carried out in a 25 ll reaction containing $50 ng of genomic DNA, 5.0 pmol of each primer, 0.2 mM of each deoxynucleoside triphosphate, 1Â PCR buffer [50 mM KCl, 10 mM Tris-HCl (pH 9.0 at 25°C) and 0.1% Triton X-100], 2 mM MgCl 2 and 1.0 U Taq DNA polymerase (Sangon, Shanghai, China). The PCRs were performed in a Whatman Biometra TGradient Thermocycler (Biometra GmbH i. L., Goettingen, Germany). PCR for the Leu84Phe site was carried out under the following conditions: an initial denaturation at 94°C for 5 min; followed by 35 cycles of 94°C for 30 s, 60°C for 30 s and 72°C for 45 s, and a final elongation step of 72°C for 10 min. PCRs for the Ile143Val and Lys178Arg sites were the same except that the annealing temperatures were 65 and 68°C, respectively. The PCR products were checked by electrophoresis on a 1% agarose gel, followed by staining with ethidium bromide and visualization with a TyphoonÔ 9410 Imaging System, (GE Healthcare, Chalfont Street Giles, UK). To examine the reproducibility of the results, all samples were tested twice by two technicians and the results agreed for all masked duplicate sets. To confirm the specificity of the modified PCR-mismatch amplification for the three polymorphisms, 5% of the samples were randomly selected (n 5 50) and sequenced in a blinded manner.
The forward and reverse primers for PCR sequencing of the Leu84Phe site were 5#-GCTGCACAGCTAGTTGAGAC-3# and 5#-ACTGTGATGTCAGC-GATCGT-3#, which produce a 358 bp fragment. The forward and reverse primers for sequencing the Ile143Val and Lys178Arg sites were 5#-CCACGT-CACCTCAGGACACT-3# and 5#-CAGGACACTGCCACTTCCTT-3#, which produce a 559 bp fragment that includes both codons 143 and 178. Thus, we were able to observe linkage disequilibrium between SNPs at codons 143 and 178 for these samples. The PCR sequencing conditions were as described above, except that the annealing temperature was 54 and 56°C, respectively. Dye terminator DNA sequencing was performed in both directions using a BigDye Terminator Kit (Applied Biosystems, Foster City, CA) and an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems). PCR products and dyeterminated products were purified by ethanol/sodium acetate precipitation.
Comparison of the two methods of analyzing polymorphisms did not identify any discordant pairs.
HPV detection HPV infection was identified using the Hybrid Capture II assay (Digene Diagnostics, Gaithersburg, MD) using probe B, which contains a pool of full-length RNA probes specific for HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68. Cervical sampling for HPV DNA was performed with the Digene Cervical Sampler, and the tests were classified according to the relative light units/ positive control ratio, measured as the relative light units of the specimen divided by the mean relative light units of two positive controls.
Statistical analysis
Differences in frequencies of the MGMT genotypes and alleles between the cases of cervical carcinoma or CIN and controls were evaluated by the chisquare (v 2 ) test. We also compared the observed genotype frequencies with MGMT polymorphisms and cervical carcinoma risk those calculated by the Hardy-Weinberg equilibrium theory (p 2 þ 2pq þ q 2 5 1, where p is the frequency of the variant allele and q 5 1 À p). Univariate and multivariate logistic regressions were applied to calculate the odds ratios (ORs) and 95% confidence intervals (CIs), respectively, for the association between the genotypes and risk of cervical carcinoma. We used multivariable logistic regression to adjust for potential confounding factors. Risk factors for cervical carcinoma and potential confounders were kept in multivariable models if their removal caused b parameter estimates to change by .10%. The multivariable logistic regression was adjusted for age, number of sexual partners, age at first intercourse, parities (including full-term pregnancy and abortion at or after 28 weeks) and age at first full-term pregnancy. Adjustments for additional suspected confounders, including smoking, alcohol consumption, oral contraceptive use and first-degree family history of cervical carcinoma did not change the results and are therefore not presented here. Pairwise linkage disequilibrium (D# and r 2 ) between sites 143 and 178 was calculated using SHEsis software (47) . Haplotype frequencies were estimated from the genotype data using PHASE version 2.1.1 (http://www.stat.washington.edu/stephens/phase. html), which was based on a Bayesian algorithm and the maximum likelihood model linked with the Stochastic-EM algorithm (48, 49) . The association between the frequencies of MGMT haplotypes and cervical cancer risk was also evaluated by stratification analyses in subgroups of different lifestyles. All statistical analyses were carried out using Statistical Package for Social Science software, version 11.5 (SPSS, Chicago, IL).
Results
Of the 539 cancer patients, 473 (87.8%) had squamous cell carcinomas, 48 years, respectively. In the carcinoma, CIN and control groups, 280 (51.9%), 234 (49.5%) and 400 (50.0%) individuals, respectively, were ,40 years old, and 259 (48.1%), 239 (50.5%) and 400 (50.0%) individuals were .40 years old. Thus, there were no significant differences in ages between the three groups, and the ages of the individuals of the control group appeared to adequately match those of the patient groups. The sexual and reproductive histories, including age at first intercourse, number of sexual partners and age at first fullterm pregnancy among the patients with carcinomas, patients with CIN and controls were not significantly different, but the parities (including full-term pregnancy and abortion at or after 28 weeks) was significantly different among the three groups (v 2 5 18.235, P , 0.001) ( Table I ). There were five (0.7%), two (0.4%) and three (0.4%) smokers in the carcinoma, CIN and control groups, respectively, which did not represent a significant difference. HPV infection rates in carcinoma and CIN patients were 90.4 and 85.8%, respectively, whereas in control women, the infection rate was only 31.0%. Thus, the infection rate in both patient groups was significantly higher than in the control group (v 2 5 366.310, P , 0.001).
The frequencies of the genotypes in the carcinoma patients, CIN patients and controls were consistent with those predicted by the Hardy-Weinberg equilibrium model. The genotype distributions and the allele frequencies of all three SNPs in the carcinoma, CIN and control groups were not significantly different. Ninety-seven percent of the subjects had the same genotypes for codons 143 and 178, suggesting that the two variant alleles are in strong linkage disequilibrium (pairwise D# 5 1.00; r 2 5 0.88), which is consistent with the data (D# 5 1.00; r 2 5 1.00) in the HapMap for the CHB population (Han Chinese in Beijing, China) http://www.hapmap.org/cgi-perl/ gbrowse/hapmap_B35/). Figures 1-3 show the sequencing results of the three SNPs.
Logistic regression analysis revealed that, compared with the MGMT Lys178Lys (AA) genotype, women homozygous for the Arg178Arg (GG) genotype had a 2.48-fold increase in the risk for cervical carcinoma (95% CI 5 1.02-6.03), and a combination of the Arg178Arg (GG) and Lys178Arg (GA) genotypes increased the risk by 60% (OR 5 1.63, 95% CI 5 1.01-2.61). Those heterozygous for the Lys178Arg (GA) genotype, however, did not have an increased risk for cervical carcinoma. Similarly, compared with the wild-type Ile143Ile (AA) genotype, those homozygous for Val143Val (GG) had an elevated risk for carcinoma (OR 5 2.44, 95% CI 5 1.01-5.95), but those heterozygous for Ile143Val (GA) did not. Neither the Phe84Phe (TT) nor the Leu84Phe (CT) genotype elevated the risk for cervical carcinoma compared with the Leu84Leu (CC) genotype (Table II) .
Similar risks for the various genotypes were found for the development of squamous cell carcinoma, a subtype of cervical carcinoma. Specifically, there was a significantly increased risk for the development of squamous cell carcinoma for women carrying the Val143Val (GG) or Arg178Arg (GG) genotypes compared with women with a Ile143Ile (AA)/Lys178Lys (AA) genotype (OR 5 2.56, 95% CI 5 1.04-6.35 and 2.60, 95% CI 5 1.03-6.46, respectively). Similarly, neither the Phe84Phe (TT) nor the Leu84Phe (CT) genotype increased the risk for squamous cell carcinoma. None of the SNPs were associated with a significant elevation in the risks for adenocarcinoma or other types of cancer, nor were they associated with a change in the risk for CIN I or CIN II-III.
We next investigated the association between the Ile143Val and Lys178Arg variant genotypes and the risk for cervical carcinoma, stratified by HR-HPV infection status. In the HR-HPV-positive group, compared with individuals carrying Ile143Ile (AA)/Lys178Lys (AA), the risk for cervical cancer was elevated in those homozygous for Val143Val (GG) or Arg178Arg (GG) (OR 5 3.33, 95% CI 5 1.15-9.68 and 3.38, 95% CI 5 1.16-9.81, respectively), and combination of the Arg178Arg (GG) and Lys178Arg (GA) genotypes increased the risk for cervical cancer by 45% (OR 5 1.45, 95% CI 5 1.21-3.34). We did not calculate the ORs or 95% CIs for the HPV-negative women because they accounted for only a small fraction of those with carcinoma or CIN (10.6 and 14.2%, respectively).
To examine the role of environmental factors and MGMT polymorphism, we stratified the analysis of the effect of MGMT polymorphisms on the risk for cervical carcinoma according to various environmental factors, including HR-HPV infection status and sexual and reproductive histories. Because codons 143 and 178 are in strong linkage disequilibrium and because SNPs in codon 178 are more strongly associated with a risk of cervical carcinoma in all patients and in the HPV-positive group, the Arg178Arg (GG) and Lys178Arg (GA) genotypes were compared together as a single group with the Lys178Lys (AA) genotype. In the HR-HPV-negative subgroup, the combined Arg178Arg (GG) and Lys178Arg (GA) genotypes did not elevate the risk for cervical carcinoma, whereas in the HR-HPV-positive subgroup, the GG or GA genotype significantly increased the risk for cervical carcinoma (adjusted OR 5 1.45, 95% CI 5 1.21-3.34). Similar results were also observed for the subgroup of women with an early onset of sexual activity ( 20 years), high parity (.3) and early age of first full-term pregnancy ( 22 years) [adjusted OR 5 2.58 (95% CI 5 1.23-4.41), 2.52 (95% CI 5 1.75-3.45) and 3.22 (95% CI 5 1.20-4.66)]. The GG or GA genotype did not increase the risk in either the multiple sexual partners subgroup or in the non-multiple sexual partners subgroup. As shown in Table III , similar results were obtained when the risk for squamous cell carcinoma was examined.
The frequencies of the five most common haplotypes were significantly different between the patient and control groups (Table IV) . Using the most common hoplotype 84Leu (C)-143Ile (A)-178Lys (A) as a reference, women carrying the 84Phe (T)-143Val (G)-178Arg (G) haplotype had a significantly increased risk for cervical carcinoma both in the overall carcinoma and HPV-positive groups Table IV (adjusted OR 5 1.87, 95% CI 5 1.07-3.27 and 3.09, 95% CI 5 1.05-9.11, respectively). The risk for cervical carcinoma was not elevated for women with other haplotypes, including 84Leu (C)-
143Val (G)-178Arg (G), 84Leu (C)-143Val (G)-178Lys (A) and 84Phe (T)-143Ile (A)-178Lys (A). The other three possible haplotypes, 84Leu (C)-143Ile (A)-178Arg (G), 84Phe (T)-143Ile (A)-178Arg (G) and 84Phe (T)-143Val (G)-178Lys (A)
, were predicted to be absent in humans, suggesting that these three SNPs are in linkage disequilibrium; in fact, 97.0% of codons 143 and 178 had the same genotypes. Finally, none of the haplotypes were associated with a change in the risk for CIN I or CIN II-III. 
MGMT polymorphisms and cervical carcinoma risk
The women with different MGMT haplotypes and different sexual and reproductive histories had significantly different risks for cervical carcinoma (Table V) . In the HR-HPV-negative subgroup, the 84Phe (T)-143Val (G)-178Arg (G) haplotype was not associated with an elevated risk of cervical carcinoma, whereas in the HR-HPV-positive subgroup, the 84Phe (T)-143Val (G)-178Arg (G) haplotype was associated with a significantly increased risk for cervical carcinoma using the 84Leu (C)-143Ile (A)-178Lys (A) haplotype as reference (adjusted OR 5 3.09, 95% CI 5 1.05-9.11). In the non-multiple sexual partners subgroup, the 84Phe (T)-143Val (G)-178Arg (G) haplotype did not elevate the risk of cervical carcinoma, whereas in the multiple sexual partners subgroup, the 84Phe (T)-143Val (G)-178Arg (G) haplotype increased the risk for cervical carcinoma using 84Leu (C)-143Ile (A)-178Lys (A) as a reference, although the difference did not reach statistical significance (adjusted OR 5 3.23, 95% CI 5 0.98-10.66; P 5 0.055). In addition, the effect of haplotype 84Phe (T)-143Val (G)-178Arg (G) was more evident in women who had an early onset of sexual activity ( 20 years), high parity (.3) and young age at first full-term pregnancy ( 22 years All P-values are adjusted for age, number of sexual partners, age at first intercourse, parities (including full-term pregnancy and abortion at or after 28 weeks) and age at first full-term pregnancy. 95% CI 5 1.13-15.32, respectively). Similar results were also observed for squamous cell carcinoma (adjusted OR 5 3.00, 95% CI 5 1.01-8.90; 2.36, 95% CI 5 1.11-5.00 and 4.04, 95% CI 5 1.09-14.89, respectively). In addition, among women who had more than one sexual partner, the risk for squamous cell carcinoma was significantly higher in women with the 84Phe (T)-143Val (G)-178Arg (G) haplotype than in those with the 84Leu (C)-143Ile (A)-178Lys (A) haplotype (OR 5 3.37, 95% CI 5 1.02-11.12).
Discussion
There are three common non-synonymous SNPs in MGMT: Leu84-Phe, Ile143Val and Lys178Arg. Although the biological significance of the genetic polymorphisms in MGMT remains unclear, these amino acid substitutions may change the function of the protein and, therefore, cause diseases such as cancer. Ile143Val, which is linked with Lys178Arg, may modulate the protein's function because residue 143 is close to the conserved alkyl group acceptor, codon 145, in the active site of MGMT (42) . Because of their potential biological significance, the effects of polymorphisms in MGMT have been evaluated in epidemiological studies. Several studies have explored the effect of MGMT polymorphisms on risks for lung cancer, melanoma and glioblastoma, but the results have been inconsistent (23, 37, 39, 40, 43, 44, 50) . A study in a Chinese population found that the frequency of the MGMT Leu84Phe polymorphism did not significantly differ between lung cancer patients and controls (51) . Another study of American Caucasians showed that polymorphisms in MGMT codons 143 and 178 were not associated with an increased risk for lung cancer (43, 52) . Studies examining the same Caucasian population, however, found that the MGMT Ile143Val polymorphism was associated with an increased risk for lung cancer (39, 40) and that there is an increased risk of adenocarcinoma or small cell lung carcinoma in carriers of the variant alleles Lys178Arg and Ile143Val because the MGMT Lys178Arg polymorphism is associated with increased levels of polycyclic aromatic hydrocarbon-DNA adducts (39) . Also, a recent study found that the Leu84Phe, Ile143Val and Lys178Arg polymorphisms in MGMT and their haplotypes or diplotypes were not independently associated with an increased risk of breast cancer but that polymorphisms in MGMT modulated the previously observed inverse association between antioxidant, fruit and vegetable consumption and the risk for breast cancer (45) . Furthermore, individuals that consume low amount of fruits and green vegetables and carry the MGMT Ile143Val allele have been found to be at increased risk for lung and gastric cancer (39, 53) . To our knowledge, the association between MGMT gene polymorphisms and cervical carcinoma has not been examined previously. Here, we found that the MGMT Lys178Arg (GG) and Ile143Val (GG) genotypes are associated with an elevated risk for cervical carcinoma. We also found that the Leu84Phe variant genotype does not alter the risk for cervical carcinoma. Thus, our results suggest that the Lys178Arg and Ile143Val variant genotypes in MGMT are genetic risk cofactors for cervical carcinoma.
In addition, we found that the association of Lys178Arg (GG) and Ile143Val (GG) with an elevated risk for cervical carcinoma was specific to squamous cell carcinomas and not relevant for adenocarcinoma. It is possible that different histopathological types may have different biological mechanisms and etiologic cofactors, and the development of squamous cell carcinoma and adenocarcinoma might be influenced by distinct environmental and genetic risk factors (54, 55) .
We noticed that single-polymorphic alleles have limited effects on the susceptibility to cancer but that the combination of variants may be important for genes with low penetration. A recent study found that Lys178Arg and Ile143Val alone had non-significant main effects on the risk for bladder cancer but that individuals with a combination of variant genotypes or haplotypes were at a significantly increased risk for bladder cancer (56) . Similarly, we showed in the current study that women carrying the 84Phe (T)-143Val (G)-178Arg (G) haplotype had a remarkably increased risk for cervical carcinoma compared with women with only a single-variant allele. Therefore, multiple polymorphisms appear to more significant risk factors than single polymorphisms for the development of cervical carcinoma.
We found that women carrying the combined Arg178Arg (GG) and Lys178Arg (GA) genotypes are at a remarkably increased risk for cervical carcinoma both in the overall carcinoma group and in the HR-HPV-positive subgroup. Our results suggest that in women infected with HR-HPV, those carrying codon 178 variants GG or GA are at increased risk for the development of cervical cancer. In addition, high-risk sexual reproductive histories, including multiple sexual partners, early onset of sexual activity, young age at first full-term pregnancy and high parity are associated with a significant increase in the risk for cervical carcinoma and that the risk is even higher for women carrying codon 178 variants GG or GA. We also found that women who carried haplotype 84Phe (T)-143Val (G)-178Arg (G) and had high-risk sexual and reproductive histories had a significantly elevated risk for cervical carcinoma or squamous cell carcinoma compared with those without high-risk sexual and reproductive factors. Epidemiological studies have shown that over 90% of cervical cancers can be attributed to specific HR-HPV types. Of the proteins encoded by HR-HPV, E6 is the most relevant for the transforming function because it binds to the tumor suppressor p53 and directly increases genomic instability (8, 9) . High-risk sexual or reproductive history factors probably contribute to carcinogenesis by increasing the risk for infection by HR-HPV, although destruction of the local microenvironment in the cervix could increase the level of mutation and genomic instability.
MGMT may have a fundamental role in cell physiology and genome maintenance. Furthermore, basal MGMT activity inversely correlates with wild-type p53 expression (32, 33) . These findings suggest that MGMT modulates the susceptibility to cervical carcinoma directly or through the p53 pathway. In vitro studies, however, have been unable to demonstrate that the codon 178/143 variant causes a significant change in enzyme activity. Therefore, additional studies are needed to understand the effect of the polymorphisms on MGMT and its enzyme activity.
Although cervical squamous cell carcinoma is known to develop from precursor CIN lesions through a multi-step process, we failed to observe an association between the three SNPs in MGMT and an increased risk for CIN. This could be due to the fact that most CINs, even CIN III, spontaneously resolve without developing to carcinoma. Those that do not develop to carcinoma could bias and counteract any differences between patients with CIN and controls.
The overall frequencies of the three polymorphisms in Asian populations were similar, suggesting that the sampling in our study was not biased. For instance, the frequencies of the CC and CT genotypes of the Leu84Phe allele among our 800 Chinese controls were 74.0 and 24.8%, respectively, which is similar to the frequencies reported from a study of 60 Chinese individuals by Deng et al. (80 and 20%, respectively) (51) . Although the response rate of consent to be tested for HPV in the carcinoma and control groups was slightly different (48.2 and 51.3%, respectively), there should not have been a selection bias because candidates were lost at random.
In summary, our findings suggest that two polymorphisms (143GG and 178GG) in MGMT are associated with an elevated risk for cervical carcinoma. In addition, women who carry a 84Phe (T)-143Val (G)-178Arg (G) haplotype are at significantly increased risk for cervical carcinoma or cervical squamous cell carcinoma, especially those with HR-HPV infection, multiple sexual partners, early onset of sexual activity, high parity and a young age at first fullterm pregnancy. Our results support the hypothesis that genetic variations in DNA repair genes contribute to the risk for cervical carcinoma. Table IV Bold values show statistical data with significant difference.
a MGMT haplotypes are composed of three polymorphic sites: Leu84Phe (C/T), Ile143Val (A/G) and Lys178Arg (A/G).
b
All P-values are adjusted for age, number of sexual partners, age at first intercourse, parities (including full-term pregnancy and abortion at or after 28 weeks) and age at first full-term pregnancy. MGMT haplotypes are composed of three polymorphic sites: Leu84Phe(C/T), Ile143Val (A/G) and Lys178Arg (A/G). b All P-values are adjusted for age, number of sexual partners, age at first intercourse, parities (including full-term pregnancy and abortion at or after 28 weeks) and age at first full-term pregnancy.
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